Projected Impact of
Relative Sea Level Rise on the
National Flood Insurance Program

October 1991

FEDERAL EMERGENCY MANAGEMENT AGENCY
FEDERAL INSURANCE ADMINISTRATION



Originally published October 1991 by the Federal Emergency Management Agency, Federal Insurance Administration

PREFACE

This study of the impact of relative sea level rise on the National Flood Insurance Program was
authorized by Congress and signed into law on November 3, 1989. The requirements of this study as
specified by the legidlation are as follows:

SEC. 5. SeaLevel Rise Study

The Director of the Federa Emergency Management Agency shall conduct a study to
determine the impact of relative sealevel rise on the flood insurance rate maps. This study shall also
project the economic losses associated with estimated sea level rise and aggregate such data for the
United States as a whole and by region'. The Director shall report the results of this study to the
Congress not | ater than one year after the date of enactment of this Act. Fundsfor such study shall be
made avail able from amounts appropriated under section 1376(c) of the National Flood Insurance Act
of 1968.

!Discussions with Congress subsequent to the passage of the legislation clarified that the study by FEMA
would pertain only to the impact of sealevel rise on the National Flood Insurance Program.
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EXECUTIVE SUMMARY

Thisreport containsthefindingsand conclusions concerning how the National Flood Insurance
Program (NFIP) would be impacted by arise in relative sea level. Based on information recently
released by the United Nations on the rangein the magnitude of potential risein sealevel, two primary
sea level rise scenarios were examined, a 1-foot and 3-foot increase by the year 2100. Under both
scenarios, the elevation of the 100-year flood would be expected to increase by the amount of the
change in sea level. The area inundated by the 100-year flood is estimated to increase from
approximately 19,500 square milesto 23,000 squaremilesfor the 1-foot scenario, and to 27,000 square
miles for the 3-foot scenario. The region most significantly affected would be the Louisiana coast,
where subsidence rates of 3 feet per century would compound the impact of global changes in sea
level. Because of potential growth in population within the coastal areas of the Nation over the next
century, aswell asthe expansion of the floodplain, the number of floodprone householdsis estimated
to increase from approximately 2.7 million to 5.7 million and 6.8 million by the year 2100 for the 1-
foot and 3-foot scenarios, respectively. Assuming current trendsof devel opment practice continue, the
increase in the expected annual flood damage by the year 2100 for a representative NFIP insured
property subject to sealevel riseisestimated to increase by 36-58 percent for al-foot rise, and by 102-
200 percent for a 3-foot risein sealevel.

Based on these findings, the aspects of flood insurance rate-making that already account for
the possibility of increasing risk, and the tendency of new construction to be built more than one foot
abovethe baseflood elevation, the NFIP would not be significantly impacted under a1-foot risein sea
level by theyear 2100. For the high projection of a3-foot rise, theincremental increase of thefirst foot
would not be expected until the year 2050. The 60-year timeframe over which this gradual change
occurs provides ample opportunity for the NFIP to consider alternative approachesto the loss control
and insurance mechanisms of the NFIP and to implement those changes that are both effective and
based on sound scientific evidence. Because of the present uncertaintiesin the projections of potential
changesin sealevel and the ability of the rating system to respond easily to a 1-foot rise in sealevel,
there are no immediate program changes needed. However, the possibility exists for significant
impacts in the long term; therefore, the Federal Emergency Management Agency (FEMA) should:

. continue to monitor progress in the scientific community regarding projections of
future changesin sealevel and consider follow-on studies that provide more detailed
information on potential impacts of sealevel rise on the NFIP,
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. in the near term, consider the formulation and implementation of measures that would
reduce the impact of relative risein sealevel along the Louisiana coast; and

. strengthen efforts to monitor development trends and incentives of the Community
Rating System that encourage measures which mitigate the impacts of sealevel rise.
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Acronyms and Abbreviations

BFE Base Flood Elevation

EPA Environmental Protection Agency

FEMA Federal Emergency Management Agency

FIA Federal Insurance Administration

FIRM Flood Insurance Rate Map

FP Floodplain

IPCC Inter-Governmenta Panel on Climate Change
NASA National Aeronautics and Space Administration
NFIP National Flood Insurance Program

NGVD National Geodetic Vertical Datum of 1929
NOAA National Oceanic and Atmospheric Administration
NRC National Research Council

PGR Post Glacial Rebound

SFHA Specia Flood Hazard Area
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Conversion Table -- English to M etric Units

Multiply By
Inches (in) 254

2.54
Feet (ft) 30.48

0.3048
Miles (mi) 161
Square Miles (mi?) 2.59
Temperature Change 5/9
[Degrees Fahrenheit (°F)]

Obtain
Millimeters (mm)
Centimeters (cm)

Centimeters (cm)
Meters (m)

Kilometers (km)

Square Kilometers (km?)

Temperature Change
[Degrees Celsius (°C)]

To obtain absolute Fahrenheit (F) temperature readings from Celsius (C) readings, use formula:

F=9/5C+32



Projected Impact of Relative Sea Level Rise on the National Flood Insurance Program

TABLE OF CONTENTS

Page

1.0 Summary 1
1.1  Background 1

1.2  Study Objectives and Approach 2

1.3  Findings 3

1.4  Conclusions and Recommendations 6

20 Introduction 9
21  Sealevel Riseinthe United States 10

2.2 Purpose of Study 16

3.0 Physica Changes 19
3.1  Methodology 19

3.2 Results 33

4.0 Demographics 36
4.1  Methodology 37

4.2  Results 40

50  Economic Implications for the NFIP 43
51  Background 43

5.2  Methodology 44

5.3  Impact on Insurance Premium Requirements 49

54  Impact on Losses 56

55  Program Impact 56

5.6  Study/Mapping Requirements 57
References 59

Vi



Originally published October 1991 by the Federal Emergency Management Agency, Federal Insurance Administration

Table3.1

Table3.2

Table3.3

Table 3.4

Table 3.5

Table4.1

Table4.2

Table5.1A

Table 5.1B

LIST OF TABLES

Value of Coefficient b for the Scenarios
Considered in this Report

Milestones for 3-Foot Sea Level Rise
Scenario Corresponding to Successive 1-Foot
Increments of Rise

Milestones for 1- and 3-Foot Relative
Sea Level Rise Scenarios for Louisiana

Area Affected Dueto a 1-Foot Risein Sea Leve
by the Y ear 2100

Area Affected Due to a 3-Foot Risein Sea Leve
by the Y ear 2100

Estimated Total Households in the Coastal
Floodplain for the 0-, 1-, and 3-Foot Sea Level
Rise Scenarios by the Year 2100 (In Millions)

Estimated Number of Households by Region in the
Coastal Floodplain for the O-, 1-, and 3-foot Sea
Level Rise Scenarios by the Y ear 2100 (In Thousands)

Post-FIRM Actuarial Increasein Average Premiums
for Buildings Subject to Sea Level Rise Required
to Maintain Actuarial Soundness

Pre-FIRM Subsidized Increase in Average Premiums

for Buildings Subject to Sea Level Rise Required
to Maintain Current Subsidy Level

vii

21

23

25

34

35

41

42

49



Projected Impact of Relative Sea Level Rise on the National Flood Insurance Program

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 4.1

Figure 5.1A

Figure 5.1B

Figure 5.2
Figure 5.3
Figure5.4
Figure 5.5
Figure 5.6

LIST OF FIGURES

Eustatic Sea Level Rise for the 1- and
3-Foot Sea Level Rise Scenarios

Major Geomorphic Regions that are Representative
of the Range of Subsidence Ratesin Coastal
Louisiana

Schematic Diagram of the Effect of Sea

Level Rise on the 100-Y ear Coastal

Floodplain

Coastal Physiographic Regions of the United
States Based on Morphological and Geologic
Variations

Population as a Function of Time Based on
Information Supplied by Woods & Poole, 1990

1990 Representative Pre-FIRM Distribution
(V-Zone)

1990 Representative Pre-FIRM Distribution
(A-Zone)

1990 Representative Post-FIRM Distribution
1-Foot Sea Level Rise Scenario: V-Zone
1-Foot Sea Level Rise Scenario: A-Zone
3-Foot Sea Level Rise Scenario: V-Zone
3-Foot Sea Level Rise Scenario: A-Zone

viii

22

24

30

32

39

46

47

48
50
51
52
53



Originally published October 1991 by the Federal Emergency Management Agency, Federal Insurance Administration

PROJECTED IMPACT OF RELATIVE SEA LEVEL RISE ON THE
NATIONAL FLOOD INSURANCE PROGRAM

1.0 SUMMARY

1.1  Background

Therise of global sealevel over the past century has been documented by several investigators
using tide gage measurements. At specific locations, the change in sea level relative to the land is
dependent upon the effects of any local land subsidence or uplift. For areas experiencing asignificant
rate of uplift (such as portions of the Alaskan coastline), relative sealevel has been decreasing, while
for areasin which subsidence is taking place (such as portions of Louisianas coastline), relative sea
level isincreasing at amore rapid rate than in other aress.

Although it is known that mean sea level fluctuates over long time periods, the exact causes
of these natural changes are not well understood. It has been suggested by some that the recent rise of
sealevel isrelated to global warming (the greenhouse effect) and that, as the atmosphere warms, the
oceans will rise because of the melting of ice masses and thermal expansion of the oceans. The
magnitude of historical global warming, its anthropogenic and/or natural origins, and itslink to sea
level rise are issues that are currently subject to intense scientific scrutiny. The potential magnitude
of warming and the degree to which it would be delayed by the thermal inertia of the oceans are
uncertain. Also, the degree to which changes in precipitation affecting the ice caps and mountain
glaciers might change the volume of water removed from the sea and stored is uncertain.

The atmosphere and ocean are complex systems, making long-term climate and sea level
predictions extremely difficult. Numerical modelsof global climate change, although ever advancing,
are still limited in their ability to accurately predict changes in the atmosphere and ocean over long
(decadal or centennial) time scales. Even though these limitations exist, the most sound basis for
predicting changesin thisglobal system isthe combination of numerical modeling and anayses of the
available long-term environmental records (the past 2-8 million years of the geologic record).

The above uncertainties have prompted investigators interested in quantifying the impacts of
potential sealevel riseto addressarange of sealevel rise scenarios. These scenarios generaly assume
that the rate of sealevel rise will accelerate with time and that a greater rate of rise will occur in the
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latter half of the next century.

A dgignificant increase in relative sea level could cause extensive shoreline erosion and
inundation. Higher relative sealevel would elevate flood levels and therefore require alteration of the
100-year coastal floodplain delineated by the Federal Emergency Management Agency (FEMA). Flood
eventswould impact more property and result in greater damage as sealevel increased. This problem
is exacerbated by the present trend towards increased concentration of population in coastal areas.

1.2  Study Objectivesand Approach

The primary objective of this study is to quantify the impacts of sea level rise on (1) the
location and extent of the U.S. coastal floodplain, (2) the relationship between the elevation of insured
propertiesand the 100-year base flood elevation (BFE), and (3) the economic structure of the National
Flood Insurance Program (NFIP). The coastal floodplain area affected includes areas subject to
increased erosion and submergence. In response to sealeve rise, changes will occur in the extent of
the coastal floodplain, in the portion of the coastal floodplain that is subject to flooding and modest
wave action (A-Zone), and in the portion of the coastal floodplain subject to flooding and significant
wave action (the velocity zone or V-Zone). Areas affected by flooding (both coastal and riverine) are
shown on Flood Insurance Rate Maps (FIRMS) published under the NFIP.

For this study, an average insurance risk was identified based on flood-depth distributions
reflected in current flood insurance policies. Different distributions were assigned to pre-FIRM and
post-FIRM structure categories. For the purpose of this study, pre-FIRM structures were defined as
structures built before 1980; post-FIRM structures are structures built after 1980.

Two sealevel rise scenariosfor the period 1990 to the year 2100 were examined in this study.
Based on recent scientificinvestigations, thefirst scenarioisal-foot risein sealevel by theyear 2100.
The second scenario is the high scenario of a 3-foot rise in sea level by the year 2100. Studies
supporting these scenarios include the report entitled Scientific Assessment of Climate Change
prepared for the Intergovernmental Panel on Climate Change (IPCC) by Working Group No. 1 (IPCC,
1990). The IPCC was jointly established by the World Meteorological Organization and the United
Nations Environment Programme. For comparison purposes, a no-rise scenario is also cited in this
report.

Accomplishingastudy of thisscopeand magnituderequired that several assumptionsbemade.
Itisimportant to understand that these assumptions can significantly influence the quantitative results
of this study. The major assumptions are described bel ow:

1 Census datawere used to establish population trends in each coastal county to the year
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2010. Projections beyond 2010 (to the year 2100) were based on these trends. This
approach assumes a linear increase of population over time and does not account for
devel opment saturation that may occur or other factorswhich could significantly affect
the popul ation trends adopted for this study, such aschangesin mortality rates, fertility
rates, and socia and recreational trends.

2. Within each coastal county, thetotal households (based on popul ation estimates) were
assumed to be uniformly distributed over thetota land area of the county. The number
of households in the county's floodplain was determined by multiplying the total
number of households by the ratio of floodplain areato total county land area. This
assumption was necessary because of the lack of quantifiable information about the
variation of the density of householdsin the floodplain. Thisassumption could lead to
either an overestimate or underestimate of the number of floodplain householdsin each
county.

3. Thisstudy assumesthat no engineering solutionsor land use/coastal zone management
practices are implemented over the study period other than current practicesrelated to
elevation of structures. Options that could substantially mitigate the impacts of sea
level rise in open coast areas include armoring of the shoreline (e.g., constructing
seawalls, breakwaters, and dikes), beach renourishment, and the adoption of setback
regulations. The effect of thisassumptionisthat the projections contained in thisreport
will be overestimated.

4. The obsol escence of structureswasnot consideredinthisstudy. Based onthe expected
life of acoasta structure, a certain fraction of these structures will become obsolete
each year and will be replaced by new structures which will be in compliance with the
current NFIPregulationsfor construction at that time. Since obsol escence has not been
accounted for, the actual insurance risk may be overestimated in this study.

1.3  Findings

Thecurrent total 100-year coastal floodplainareaisapproximately 19,500 square miles (50,500
square kilometers) for al coastal regions of the United States. Most of this areais contained in the
coastal statesfrom the Mid-Atlantic region to the Gulf of Mexico region. Thewest coast, Alaska, and
Hawaii together account for no morethan 5 percent of thetotal coastal floodplain area. The additional
areasthat may be affected by the 100-year flood are estimated to be approximately 2,200 square miles
(5,700 square kilometers) for the 1-foot scenario and 6,500 square miles (16,830 square kilometers)
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for the 3-foot scenario when subsidence in Louisianais not taken into account. When subsidence in
Louisianais accounted for, these figures become 3,400 sgquare miles (8,800 square kilometers) and
7,700 sguare miles (19,900 square kilometers), respectively.

The estimated total number of households in the coastal floodplain for the 1-foot and 3-foot
sea level rise scenarios for the year 2100 are shown in the following table. The numbers in brackets
reflect the case when subsidence in Louisiana is taken into account. For comparison purposes,
expected results for ano-rise condition (i.e., O-foot scenario) are also shown to indicate the influence
of population estimates on the number of floodprone households.

Total Estimated Householdsin the Coastal Floodplain (In Millions)

Current 0'Scenario  1'Scenario 3 Scenario

Households 2100 2100 2100

Householdsin A-Zone 24 45 50 59
[4.6] [5.1] [6.1]

Householdsin V-Zone 0.28 0.55 0.61 0.73
[0.58] [0.64] [0.75]

Total Householdsin 2.7 51 5.6 6.6
Coastal Floodplain [5.2] [5.7] [6.8]

A model representing the shifting distribution of risk characteristics of NFIP business was
created to provide some insight into the relative changes in expected losses and resulting premiums
caused by an increasing flood risk over time. The analysis was limited to the consideration of the
standard flood insurance coverage provided to buildings insurable under the NFIP and not the
additional erosion benefits afforded by the Upton-Jones Amendment, which was enacted in 1988.

The Upton-Jones program and its associated benefits were not considered in this study for
several reasons. Engineering solutions, coastal zone management practices, and other options
discussed in Item 3 on page 3 would influence the vulnerability of structures and their eligibility for
benefits under the Upton-Jones Amendment. Although these kinds of impacts have been investigated
in some studies (National Research Council (NRC), 1987; Environmental Protection Agency (EPA),
1989), the effect of sea level rise on the Upton-Jones program cannot be determined without

4
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conducting a study that specifically addresses this issue. Furthermore, even without the additional
impacts of sea level rise, there are concerns about the pricing of Upton-Jones coverage and the lack
of a companion erosion management program that make the long-term continuance of the present
Upton-Jones program problematic. Since this study was undertaken, a bill has been introduced to
repeal the Upton-Jonesflood policy benefit and substitute amitigati on assi stance program under which
limited funding would be available for relocation of structures threatened by coastal erosion.

In assessing the potential impact of sea level rise, this study examines the sensitivity of the
NFIP's rate structure to the changing conditions as an indication of the degree to which program
changes would have to be made and of the criticality of the timeframe in which such changes might
be needed. A rising sealevel in combination with increasing popul ation will not only increase |osses,
but also increase the number of policies and thus premium income availableto pay losses. Therefore,
the analysis focused on whether existing rate structures will be adequate to address the problem of
maintaining an overall premium income level commensurate with the level of losses, and how
premium charges should be distributed among the policyholders who have varying degrees of risk
exposure. Because the program will beinsuring adwindling number of pre-FIRM buildings over the
course of 110 years, sealevel riseismainly anissuefor post-FIRM construction. The following table
shows the results of the analysis for this|latter category of business.

Post-FIRM Actuarial Increasein Average Premiums For Buildings Subject to Sea L evel Rise
Required to Maintain Actuarial Soundness

A-ZONE V-ZONE
Full Risk Premium Rate Percent Full Risk Premium Rate Percent
1990 2100 Change 1990 2100 Change
1-Foot Rise
0.19 0.30 58% 0.66 0.90 36%
3-Foot Rise
0.19 0.57 200% 0.66 1.33 102%

The percent change shown in this table reflects how the average full risk premium rates per
$100 of coverage, and thereforethetotal premium income, for post-FIRM policies subject to sealevel
riseswould havetoincreasein order to cover floodinsurancelosses. Therelative change and magnitude
of the ratesindicate that thereis ample flexibility in the NFIP rate structure to accommodate a 1-foot
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risein sealevel. A 3-foot rise may require that additional measures be taken to distribute premium
burdens equitably and avoid undue cross subsidies.

In addition, the potential map revision and restudy requirements were considered. It is
estimated that atotal of 283 counties will be affected by increases in sea level. For these counties,
approximately 5,050 FIRM panels will need to be revised as sealevel rises. The cost of revising the
affected map panels to account for each 1-foot increase in sealevel is estimated to be $30,000,000.
This cost would be spread over a 4- to 5-year period.

14 Conclusions and Recommendations

There is a great deal of uncertainty in the current projections of the rate of sea level rise.
Moreover, theaspectsof floodinsurancerate-making that account for the possibility of increasingrisk,
and the tendency of post-FIRM construction to be built more than 1 foot above the BFE combine to
eliminate any immediate threat from sealevel rise to the NFIP's ability to insure against flood | osses
through a system of pricing that isfair and that protects the NFIP's financial soundness. Thereisno
need for the NFIP to develop and enact measures now in response to the potentia risks that would
accompany increasing sealevels. Asmoreinformation is collected over the next severa decades, our
ability to analyze past trends and our confidence in predictions will increase, allowing us to better
assess both the magnitude of the problem and the most appropriate responses.

The high projection of a 3-foot increase by 2100 shows that a 1-foot increase would not be
realized until 2050. This 60-year horizon provides ampletimeto consider alternative approaches and
implement those that are both effective and based on sound scientific evidence.

For these reasons, the following technical and policy procedures are recommended:

1

FEMA must continue to monitor progress made by the scientific community in
improving the reliability of projections of the potential increase of relative sea level.
A formal report should be prepared beginning in 1995, and every five yearsthereafter,
by the Federal Insurance Administration (FIA) identifying the advances made in the
capability to predict potential changesin global sealevel. In addition, alternativefiscal
and mitigation measures designed to minimize the impact of future increases of sea
level on the NFIP should be examined.

Because of the moreimmediate threat and definitive trend of subsidence along regions
of the Gulf of Mexico coastline, especially within and near Louisiana, FEMA must
exploreand consider adoption and implementation of appropriate measuresto mitigate
the effects of this increasing risk. The process of identifying appropriate mitigation
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measures and the data needed to support these measures should include coordination
with other Federal and State agencies involved with this problem. The measures
implemented in these regions will serve as models for other coastal areas when the
broader issue of global change of sealevel requires directed action by the NFIP.

3. In the near term, FEMA will increase its efforts to encourage, through the NFIP's
Community Rating System, voluntary adoption and enforcement at the State and local
level of mitigation measures, such as BFE freeboard requirements and construction
setbacks, that take the potential for increases in relative sea level into account. In
addition to working at the State and local level, FEMA must also continue its work
with national building code organizations to reflect appropriate risks associated with
the possibility of rising sealevels.

4, FEMA will continue, and strengthen, its monitoring of the trend of development
patterns related to zoning and density to ensure that as trends change there is no
degradation that would compromise fundamental goals and objectives of the NFIP.
Furthermore, a concerted effort must be made to continue to monitor redevel opment
as structures reach the end of their useful life to ensure compliance with minimum
NFIP standards.

5. Improvement of this study in the future will depend on the availability of more
complete and accurate data and on the ease of manipulating these data. For example,
the creation of digital databases of topographic and demographic information would
offer the possibility of efficiently computing the physical impacts of sea level rise.
These tools would allow for regional or county studies to be performed with more
detail and confidence. Also, FEMA could more confidently make projections of
potential flood losses.

6. FEMA may undertakein the future abroad-based study to gather and collate shoreline
erosion information on a nationa basis. The results of this effort would permit very
site-specific determinations of potential land loss due to sealevel rise and would link
FEMA's effortsin thisareawith those of other Federal agencies, e.g., U.S. Geological
Survey (USGS) and the EPA. These data would be useful for the judicious
implementation of construction setbacks.

7. FEMA should undertake joint studies with other Federal agencieswhich areinvolved
in the globa warming/sea level rise issue, e.g., EPA, USGS, Nationa Oceanic and
Atmospheric Administration (NOAA), National Aeronauticsand Space Administration
(NASA). Thecapability of FEMA to provideflood lossfiguresisattractiveto the other
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agencies that are interested in quantifying the losses or damages associated with sea
level rise.
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20 INTRODUCTION

A risein sealevel could potentially have a maor impact on the coastal areas of the United
States. Physical effects associated with higher sea level are the inundation of coastal lowlands,
increased shoreline erosion, and loss of wetlands. Theloss of wetlands will affect the hydrodynamics
andthereforetheflooding characteristicsof tidal baysandrivers. Shorelinerecession and submergence
of dry land are direct responses to rising sea levels.

The most vulnerable areas are coastal wetlands. A 1-meter (3.3-foot) rise in sealevel by the
year 2100 could result in the loss of 25-80 percent of the United States coastal wetlands (Tituset al.,
1989). Thegreatest |osses are projected to bein Louisiana, where shoreline erosion and land lossrates
are presently the highest in the country. Since wetlands act as buffers to the inland penetration of
coastal flooding, theloss of these areaswill increase the extent and severity of flooding in many areas.
An increase in the severity of coastal flooding due to sea level rise and a subsequent increase in
shoreline erosion could present a potential hazard for coastal development. Research shows that a
significant portion of the Nation's shorelines are currently eroding. Presently, over 70 percent of the
world's coastlines are eroding (Bird, 1985). The National Shoreline Study by the United States Army
Corps of Engineers (1971) reported that 43 percent of the shorelines in the United States are
experiencing erosion. Leatherman (1988) estimated that 90 percent of the U.S. shoreline consisting
of sandy beachesis eroding. The average erosion rate, i.e., shoreline retreat, along the Atlantic coast
is2.6 ft/yr (0.8 m/yr) (NRC, 1987). The Pacific coastline haslocalized areas of erosion. For example,
San Diego and Los Angeles Counties have ongoing beach renourishment projects. Erosion in
Cdliforniais episodic and fluctuates according to climatic cycles of storm activity (see, for example,
the October 1989 issue of Shore and Beach, Vol. 57, No. 4, which describes in detail the impacts of
the January 1988 storm). However, the U.S. Pacific shorelineisconsidered to berel atively stable since
the magjority of the coastlineis hard rock (NRC, 1987).

Inthe United States, shorelines are retreating because of both natural and man-induced causes.
Some sci entistssuggest that thereisadirect causal relationship between landward shorelineretreat and
relative sealevel rise, which results in the displacement of the shoreline and, in some cases, barrier
island submergence (Leatherman, 1983, 1988; Everts, 1985). An increase in sealevel will result in
higher surge elevations and consequently higher waves. The overall result will be an increase in
damage to coastal structures as sealevel rises and the severity of storm-induced flooding increases.

Coastal structuresareincreasingly being threatened dueto shorelineretreat. Alongthe Atlantic
coast, residential and commercia buildings and erosion control structures are damaged or destroyed
each year by moderate northeasters and tropical storms. These structures will be affected to varying
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degrees by arisein relative sea level. As shorelines retreat, larger wave heights are possible due to
deeper nearshorewaters, resulting inincreased wave power and greater destructiveforce (NRC, 1987).
Structures currently designed to withstand a 100year storm event could be overtopped and/or
destroyed. Similarly, some buildings that were built above the current BFE would be subject to
flooding from such an event.

Estimates of the magnitude of sealevel rise vary widely within the scientific community. To
assess the possible impacts associated with a rise in sea level, the change in sea level must be
established. The following sections discuss the findings of various investigators and present both
current and historical rates of change. While most experts agreethat sealevel isrising, opinionsdiffer
about the cause and magnitude of the rise. These issues are also briefly discussed in the following
sections.

21 Sea Level Risein the United States

Scientistsrecognize and definetwo types of sealevels: eustatic and relative. Eustatic sealevel
refers to the global or worldwide height of sea levels. Changes in eustatic sea level result from a
number of physical processes, primarily the melting of polar ice masses, thermal expansion of the
oceans, and changes in oceanic volumes due to glacial displacement. Relative sealevel refersto the
height of sealevel as measured from the ground at a particular point or area on the earth's surface.
Change in relative sea level usualy results from the interaction of two different and essentially
independent processes: 1) local change (uplift or subsidence) in the absol ute el evation of theland mass
and 2) change in the absolute elevation of the earth's ocean (eustatic changes).

Subsidenceis caused by alocalized downward displacement of the land mass and can usually
be attributed to a number of factors, including 1) tectonic downwarping of the earth's crust, 2)
consolidation and compaction of sediments, and 3) withdrawal of subsurfacefluids. It isimportant to
notethat given fixed eustatic sealevels, subsidence a one could account for dramatic rates of shoreline
retreat and increased coastal erosion. For example, in the Teche basin of Louisiana, subsidence rates
average 1.11 cm/yr (0.44 in/yr) which accountsfor more than 80 percent of thelocal relative sealevel
rise for this region (Ramsey and Penland, 1989).

Uplift of theland surfaceis primarily caused by 1) tectonic uplift due to the movements of the
earth's ocean and/or continental plates and 2) isostatic rebound, that is, uplift of the continental crust
dueto the retreat of the glaciers that covered the northern portion of the United States (and Canada)
during the end of the Pleistocene epoch, approximately 15,000 years ago. The southeast coast of
Alaskais an area which has been experiencing uplift of the land mass. Here, the rate of relative sea

10
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level riserangesfrom -2.2 to -17.3 mm/yr (-0.09 to -0.68 in/yr) (Gornitz and Kanciruk, 1989), where
anegative sign indicates that relative sealevel is decreasing.

The primary method of measuring rates of sealevel ri